Metal binding sites in proteins: identification and characterization by paramagnetic NMR relaxation.
A method is presented that allows the identification and quantitative characterization of metal binding sites in proteins using paramagnetic nuclear magnetic resonance spectroscopy. The method relies on the nonselective longitudinal relaxation rates of the amide protons and their dependence on the paramagnetic metal ion concentration and the pH, and on the three-dimensional structure of the protein. The method is demonstrated using Escherichia coli thioredoxin as a model protein and Ni(2+) as the paramagnetic metal ion. Through a least-squares analysis of the relaxation rates, it is found that Ni(2+) binds to a series of specific sites on the surface of thioredoxin. The strongest binding site is found near the N-terminus of the protein, where the metal ion is coordinated to the free NH(2) group of the N-terminal serine residue and the side chain carboxylate group of the aspartic acid residue in position 2. In addition, Ni(2+) binds specifically but more weakly to the surface-exposed side chain carboxylate groups of residues D10, D20, D47, and E85.